Objectives: To picture the 10-year evolution of renal function in patients with type 2 diabetes mellitus (T2DM) and chronic kidney disease (CKD) and to describe the risk factors for severe decline.
Participants: From the database, we selected all patients aged 40 years or older with T2DM and at least two creatinine measurements in two different years with an interval of at least 3 months. Based on the last available value of estimated glomerular filtration rate calculated by the modification of diet in renal disease (MDRD) equation, patients were divided into grades of CKD. Severe decline (decline of >4 mL/min/year) and 'certain drop' (CD, yearto-year decline >10 mL/min) were determined in patients with CKD. Determinants of severe decline and CD were investigated with logistic regression and longitudinal logistic regression analysis, respectively. Primary outcome measure: Kidney function (MDRD). Results: 4041 patients, 1980 women, were included. The mean age was 71 years, mean diabetes duration was 7.7 years; 1514 (38%) suffered from CKD, 231 (15%) presented with severe decline and 18% of the patients with CKD presented with two or more CDs. Younger age, male gender, mean glycated haemoglobin and a higher number of CDs were significantly associated with the presence of severe decline (p<0.05); statins and higher diastolic blood pressure were significantly associated with the absence of severe decline (p<0.001). ACE inhibitors, other antihypertensive drugs and antidiabetic drugs including insulin therapy were specific determinants of CD.
INTRODUCTION
The prevalence of type 2 diabetes mellitus (T2DM) and chronic kidney disease (CKD) is rapidly growing, with an expected doubling of the number of people with diabetes worldwide within the next 20 years. 1 Patients with T2DM present a 25-40% lifetime risk of developing CKD. 2 Patients with comorbid T2DM and CKD are at major risk for cardiovascular disease (CVD) and premature mortality. 3 Thus, management of type 2 diabetes and CKD, as well as risk factor control, seems to be a daunting challenge for individual patients and for public health. [4] [5] [6] Besides T2DM, major risk factors for CKD include CVD, hypertension and obesity. 4 7 8 Despite a large prevalence of CKD, only a minority of those patients develop end-stage renal disease (ESRD). 3 Besides kidney function at a given moment, the speed of decline of kidney function also plays a major role in the development of ESRD. 9 Faster progression Strengths and limitations of this study ▪ The study population is a large primary care population that is representative of the population in Flanders with automatic inclusion of laboratory tests performed in primary care and a large proportion of the tests performed in hospitals. ▪ The database also contains all introduced diagnoses and most of the relevant clinical parameters. ▪ Strengths inherent to a retrospective design with long-term follow-up of the clinical and biological parameters. At least two estimated glomerular filtration rate measurements were available for all patients. ▪ Data analyses with longitudinal models incorporating between-subject and within-subject analyses with inclusion of timely changes in diagnoses and drug prescriptions. ▪ Lack of mortality data, data on renal replacement therapy and insufficient data on proteinuria/albuminuria and body mass index. ▪ Weaknesses inherent to a retrospective design and registry data: possible healthy survivor bias, no information about missing data and loss to follow-up.
of CKD is also associated with higher mortality. 10 Little is known about the risk factors in patients with CKD of rapid progression and serious complications. 11 In addition, the use of estimated glomerular filtration rate (eGFR) alone, especially in elderly people, may lead to false-positive diagnoses of CKD because a reduced eGFR at one point in time does not tell if it is a stable finding or a sign of a dynamic process of decline. Finally, severe decline may follow different 'routes' in different patients. In some patients, the decline may be constant and gradual, while in other patients, stable periods may be alternate with 'certain drops'. In extreme situations, CKD may be a lifelong complication of acute kidney injury. 12 T2DM is known to be by far the leading cause of ESRD in developed countries. 13 Again, it is not known how many and what kind of patients with T2DM will develop ESRD. Very few studies have reported on the long-term evolution of renal function in patients with diabetes and determinants of deterioration of kidney function. Therefore, based on the data of a primary care registry, we wanted to investigate the severity of CKD in patients with T2DM. More specifically, we retrospectively analysed how renal function evolved over a period of 11 years-between 2000 and 2010-in patients with T2DM and what risk factors were associated with deterioration of renal function.
METHODOLOGY Design and data collection
We performed a retrospective cohort study on patients with T2DM using a general practice-based morbidity registration network (Intego). Intego started to collect data in 1994 but in the present study, data were used from 2000 to 2010. Ninety-seven general practitioners (GPs), all using the medical software program Medidoc, collaborate in the Intego project. These 97 GPs work in 55 practices evenly spread over Flanders, Belgium. GPs applied for inclusion in the registry. Before acceptance of their data, registration performance was audited using a number of algorithms that compared their results with all other applicants. Only the data of the practices with an optimal registration performance were included in the database. The Intego GPs prospectively and routinely registered all new diagnoses together with new drug prescriptions, as well as laboratory test results and some background information (including gender and year of birth), using computer-generated keywords internally linked to codes.
Using specially framed extraction software, new data were coded and collected from the GPs' personal computers and entered into a central database. Registered data were continuously updated and historically accumulated for each patient. New diagnoses were classified according to a very detailed thesaurus automatically linked to the International Classification of Primary Care (ICPC-2) and International Statistical Classification of Diseases and Related Health Problems 10th Revision (ICD-10). Drugs were classified according to the WHO's Anatomical Therapeutic Chemical (ATC) classification system.
The inclusion criterion for the present study was the presence of the diagnosis of 'type 2 diabetes' in the patient's file (ICPC-code T90). Exclusion criteria were an age below 40 years at the reported date of diagnosis of diabetes. Included patients also should have at least two creatinine (modification of diet in renal disease; MDRD) measurements in two different calendar years, with a measurement interval of at least 3 months.
The variables of interest considered in this study included the age (year of birth), age at diagnosis of diabetes, creatinine, glycate haemoglobin (HbA1c), systolic and diastolic blood pressure, low-density lipoprotein (LDL) cholesterol, gender and hypoglycaemic treatment group (diet, oral drugs only, combined oral antidiabetics(OAD) and insulin, insulin only), use of ACE inhibition, other antihypertensive medication, platelet inhibition, lipid-lowering drugs, non-steroidal anti-inflammatory drugs and the presence of different pathologies, such as CVD-defined as a history of stroke, ischaemic cardiac disease or peripheral arterial disease, CKD, combined neuropathy and retinopathy, gout, anaemia, anxiety-depressive disorders, osteoporosis, dementia and malignancies.
For LDL-cholesterol and HbA1c, we withheld the last value of each year for longitudinal analysis. Both parameters are stable over time unless some intervention is carried out. Moreover, HbA1c represents a 'weighted' average of blood glucose levels during the preceding 120 days with glucose levels in the preceding 30 days contributing about 50% to the final result. 14 Taking the yearly average would include the danger of smoothing away hypoglycaemic treatment effects.
Regarding creatinine, we included the average value of the last two measurements of each year in order to account for the important within-subject variability of this variable.
Finally, blood pressure is very prone to within-subject variability and to the 'white coat hypertension' phenomenon, that is, systematically increased values for all measurements taken by a professional and to increased values of the first measurement by a professional, improving after repetition. 15 Therefore, we took into account the last three blood pressure measurements of each year and used the average of the lowest two values of these three measurements.
The eGFR was calculated with the MDRD formula: glomerular filtration rate (mL/min/1.73 m 2 )=186×(Scr) −1.154×(age)−0.203×0.742 (if female). We defined diagnosed CKD in patients if they presented two MDRD values <60 mL/min with an interval of at least 3 months. We used the classification system of the American Kidney Foundation to classify the patients: eGFR between 45 and 60 mL/min/1.73 m 2 =grade 3A, eGFR between 30 and 45 mL/min/1.732=grade 3B, eGFR between 15 and 30 mL/min/1.73 m 2 =grade 4 and eGFR <15 mL/min/1.73 m 2 =grade 5.
We calculated the overall slope (OS) of eGFR evolution as the difference between the last MDRD value and the first MDRD value divided by the number of interval years. On the basis of previous studies, patients were divided into three groups: no decline (OS≥0), mild-to-moderate decline (−4≤OS<0) and severe decline (SD) (OS<−4). 10 We also calculated the year-on-year difference in MDRD in the longitudinal dataset and defined 'certain drop' as a decrease in year-on-year MDRD >10 mL. For each patient, we counted the number of certain drops (NCD) during the study period and defined it as the NCD. On the basis of results of previous work 16 as well as other studies, 17 we divided the patients according to their age, with a first age group between 40 and 65 years, a second group between 66 and 80 years and a third group aged over 80 years.
Neither microalbuminuria nor proteinuria was withheld in the analysis because of data collection issues (too few collections; no control on validity of measurement).
Statistical analysis
All analyses were performed with STATA V.12.1 (StataCorp, Texas, USA). Continuous parameters are shown as mean±SD, binomial and multinomial parameters as percentages, and 95% CI. Significance tests were performed by t test for continuous and c 2 for dichotomous parameters. We built three regression models. The first model was a logistic model that analysed the determinants of grade 5 CKD, used as a proxy for ESRD. The second model, a logistic regression model, aimed to examine the determinants of severe decline in patients with and without CKD. The last model, a longitudinal logistic model with random effects, examined the determinants of certain drop in patients with and without CKD.
Model building was performed in a concise manner. In the longitudinal logistic model, the individual patient was defined as panel variable. Each year was considered as 1 time unit with the year 2000 set as 0. All time evolving parameters (new diagnoses, new drugs prescriptions) were disaggregated according to the year of introduction in the database (level 1). The only exceptions were 'diabetes' and 'diabetes duration', presented as level-2 parameters. In the logistic regression models, variables were aggregated. We used the overall mean values of HbA1c, systolic blood pressure, diastolic blood pressure (DBP) and LDL values as model variables. Drug prescriptions were accepted if they had been prescribed for 3 years or more. Only the diabetes treatment was based on the latest available data (year 2010). Diagnoses were accepted if they have been included in the register, whatever the year.
In a first step, determinants were selected by binary models if p<0.1. Second, all determinants were put in one model and manually eliminated by stepwise backward regression. Only those determinants with p<0.05 were withheld in the models, except for age, gender and CKD (for which all models were adjusted).
Since all analyses are likelihood based, valid inferences can still be obtained under the assumption of random missingness, that is, the fact that a variable is missing for a patient is unrelated to the outcome that would have been measured for that patient.
RESULTS
The cohort included 4041 patients with T2DM, of whom 1514 (38%) presented with CKD in 2010 and 988 (24%) with CKD grade 3a or higher. As to the number of creatinine levels, 126 patients (3%) had two measurements, 150 (4%) had three measurements, 187 (4%) had four measurements and 3578 (89%) had five or more measurements. As shown in table 1, patients with CKD significantly differ from patients without CKD for several parameters such as age, gender, diabetes duration, history of CVD and non-diabetes-related comorbidity. Of those patients with CKD, 526 (35%) presented with grade 1 or 2, 534 (35%) with grade 3a, 311 (21%) with grade 3b, 110 (7%) with grade 4 and 33 (2%) with grade 5.
As shown in figure 1, most patients with CKD remain stable for a long period. Indeed, 425 patients with CKD (28%) present no decline, 857 (56%) patients present moderate decline and 232 patients (15%) present severe decline. It is interesting to note that, in patients without CKD in 2010, only 7% present with severe decline. CKD, including moderate or severe grade CKD, was more prevalent in elderly people (table 2, p=0.004). However, the proportion of patients with a severe decline tended to decrease with increasing age (40-65 years: 25%; (19-32)-to 66-80 years: 16%; (13-18) to >80 years: 11%; (9) (10) (11) (12) (13) (14) ). This decrease was not observed in people without CKD (40-65 years: 7.8%; (6.3-9)-65-80 years:7.1%; (5, (6) (7) (8) 6) to >80 years 8.2% (5.3-11.9).
At least 1 certain drop was present in 59% (95% CI 56% to 61%) of patients with CKD and in 49% (95% CI 44% to 51%) of patients without CKD, with 5 as the maximum NCDs. In patients with severe decline, prevalence of at least one certain drop was considerably higher than in patients without severe decline: 86% (95% CI 81% to 90%) vs 54% (95% CI 51% to 57%) in patients with CKD and 77% (95% CI 70% to 83%) vs 46% (95% CI 44% to 48%) in patients without CKD.
The first logistic regression model showed only two determinants for CKD grade 5: the baseline value of MDRD (OR=0.95, 95% CI (0.98 to 0.99)) and the presence of severe decline (OR=27.71, 95% CI (3.62 to 212.16)).
The second logistic regression model showed a significant interaction between age group, gender and the NCD on the one hand, and CKD on significant decline on the other hand. Thus, different logistic models were built for patients with and without CKD (table 3). In patients with CKD, severe decline is associated with younger age, male gender (OR 1.73 (1.25 to 2.38)), mean HbA1c value (OR 1.33, (1.13 to 1.56)) and the NCDs (OR 2.31 (1.96 to 2.72). Statin use (OR 0.69 (0.50 to 0.96) and DBP (OR 0.97 (0.94 to 1.00) are associated with lower odds of severe decline. In patients without CKD, age, gender and DBP do not have a significant effect on severe decline. The longitudinal logistic model showed a significant interaction between time, age group, gender, antidiabetic treatment, statin treatment and several comorbidities (anaemia, osteoporosis, malignancy, anxious depression and gout) with CKD on the appearance of certain drop. Again, we built separate models for patients with and without CKD (table 4). Appearance of certain drop in patients with CKD was associated with male gender (OR 1.20 (1.05 to 1.36)), OAD treatment (OR 1.32 (1.14 to 1.52)), insulin treatment (OR 1.55 (1.29 to 1.86)), ACE inhibition (OR 1.31 (1.14 to 1.50)) and other antihypertensive treatment (OR 1.23 (1.07 to 1.42)), while age >80 (OR 0.82 (0.72 to 0.95)) and statin use (OR 0.86 (0.75 to 0.99)) were associated with lower odds (table 4) . Associations were partly different in patients without CKD: younger age (40-65 years) was associated with lower odds, gender had no significant association and statin treatment and several comorbidities were associated with higher odds of certain drop.
DISCUSSION
The results of our retrospective cohort study confirm previous findings about the high prevalence of CKD in patients with T2DM. [18] [19] [20] However, although the fact that T2DM is a known risk factor for the development of CKD, this study also shows the presence of a great variability between patients with T2DM regarding the decline in kidney function. Patients with CKD evolve in a different manner than patients without CKD and more people with CKD present with severe decline. Even in people with established CKD, only a minority (15%) of the patients present with severe decline. As shown in figure 1 , most of the patients remain stable for years. Interestingly in our study, severe decline and the 'baseline value' of MDRD are the only independent risk factors that are associated with progression to grade 5 CKD, used as a proxy for ESRD. Most of the patients with CKD-even with grade 3a, 3b or 4-remain stable for many years. As such, the results of our study support the proposition of Al Aly and Cepeda that CKD should be defined in a dynamic way, taking into account the CKD grade and the decline of kidney function. 21 More specifically, age and gender interact with CKD in their effect on severe decline: in patients with CKD, but not in patients without CKD, severe decline is more prevalent in younger patients and in men. This observation may indicate that the current definition of CKD misclassifies some people, especially elderly and female persons, as patients suffering from CKD. In patients with CKD, severe decline is also associated with ( potentially) manageable factors. Higher levels of HbA1c and higher NCDs are associated with higher odds of severe decline, while higher levels of DBP and statin therapy are associated with lower odds of severe decline. Certain drops can be interpreted as moments or periods of rapid decline alternating with longer periods of stable kidney function. The concept of certain drop is somehow controversial. Eventually, the obtained results could be due to random variation in the MDRD formula, but random variation cannot explain the differences in certain drop between patients with and without CKD and with and without severe decline. Moreover, our data show that not all patients with T2DM are equal with regard to CKD. The severity of decline of kidney function is an important factor, but what determines decline? The introduction of 'certain drop' allows for showing that there are different ways in which the renal function can decline, eventually suggesting different underlying causes. Indeed, some previous studies already suggested an association between ESRD and periods of rapid decline. 22 23 Certain drop may also be related to the findings of a meta-analysis that revealed that acute kidney injury is a determinant of CKD and ESRD. 12 'Certain drop' and acute kidney injury may be two gradations of rapid collapse in kidney function responsible for an unfavourable evolution of kidney function in patients with CKD. However, patients without CKD are also prone to certain drop. Apparently, some people recover from brutal decline while others do not. From a clinical point of view, it would be interesting to quantify the impact of some determinants on severe decline and certain drop of kidney function, especially those which are manageable, such as nephrotoxic agents, infections, poor cardiovascular conditions and poor glucose control. Several drugs such as ACE inhibitors, other antihypertensive drugs and antidiabetic drugs including insulin therapy are associated with higher odds of certain drop, while statins are associated with lower odds. In the framework of our study, it is not possible to interpret the nature of this relationship in causal terms. For instance, it is known that the initiation of ACE inhibitors can cause decline in kidney function in some people, but in our study, kidney function could eventually also deteriorate in some people despite ACE inhibition. The association between comorbidity (anaemia, osteoporosis, anxious depression and malignancy) and certain drop in patients without CKD, but not in patients with CKD, is another interesting result worthwhile exploring.
Other determinants, such as insufficient glycaemic control (higher HbA1c levels), may have a slowly damaging effect on the kidney function, while statins are associated with a protective effect. Curiously, a higher DBP is associated with lower odds of severe decline in patients with CKD, but not in patients without CKD. Literature is contradictory regarding the impact of DBP on kidney function decline. Some studies describe a negative association between higher DBP and kidney decline 24 while others mention a positive association. 25 Our finding may be related to the conclusion that increased rates of pulse pressure are related to progression of renal impairment, 26 27 even if in our study, pulse pressure was not an independent risk factor.
Only a few studies have reported kidney function decline in patients with T2DM. Zoppini et al 28 reported a significant effect of hypertension, increased HbA1c, longer diabetes duration, obesity, insulin treatment, microalbuminuria and macroalbuminuria on kidney function decline. Cummings et al 29 found that age, mean systolic blood pressure, initial HbA1c, initial eGFR and the number of HbA1c values were significant predictors of change in eGFR. Lin et al 30 did not find any association between blood lipids and kidney function decline. These outcomes are only partially in line with our results.
Strengths and weaknesses
The major strength of this study is the study population being a large primary care population that is representative of the population in Flanders. The Intego population is comparable to the total Flemish population regarding age, gender and income distribution. Data on ethnicity are lacking but the registering practices are dispersed on the whole Flemish region. 31 Comparison of the Intego diabetes population with other data sources shows comparable global prevalence and similar distribution of age-related prevalence. 32 The database automatically incorporates all data of laboratory tests performed in primary care and a large proportion of the tests performed in hospitals. The database also contains all introduced diagnoses and most of the relevant clinical parameters. It allows a follow-up of the long-term evolution of clinical and biological parameters. At least two eGFR measurements were available for all patients, and longitudinal models were applied to analyse the data, incorporating between-subject and withinsubject analyses with inclusion of timely changes in diagnoses and drug prescriptions.
The study also has some weaknesses. First, we had no mortality data, nor data on renal replacement therapy. Second, the MDRD formula presents several weaknesses as a proxy for the real kidney function. For example, loss of muscle mass in elderly patients may falsely give reduced estimates of renal function. However, the formula corrects for age that can act as a proxy for muscle mass. Since we were interested in the evolution of kidney function in the same persons, a change in formula does not affect the model outcomes. Finally, although it is a well-known risk factor for the progression of CKD, 33 34 we had no data on proteinuria/albuminuria because these were not frequently measured. We also did not have enough data on the body mass index (BMI) to incorporate this variable in multivariate models. Using these data would have induced an important selection bias. However, laboratory tests were performed for clinical reasons. As such, the results give an idea of the 'normal' working method of the GP: the lack of data on albuminuria and BMI gives an indication about a gap in the follow-up of patients with diabetes in primary care in Flanders. To determine 'Severe Decline', we used the definition of Al Aly who found an association between severe decline based on this cut-off value and mortality. However, in the literature, there is no consensus on how renal function decline should be reported and what cut-off value should be used to determine 'Severity'. For example, Perkins and Krolewski used percentages to report renal function decline while Barzilay found that 1 mL/min per 1.73 m 2 /year eGFR decline had a borderline association with renal function decline in tests of cognitive function in patients with diabetes. We are thus in need of more research and a consensus procedure on this issue. In conclusion, despite the large prevalence of CKD in patients with T2DM, only a minority present with rapid, severe decline and evolve into grade 5 CKD (used as proxy for ESRD). Kidney function in patients with and without CKD evolves differently, with age and gender acting as interaction factors. In patients with CKD, but not in patients without CKD, kidney function decline tends to be more aggressive in younger and in male patients. Conversely, kidney function decline in elderly people, even if CKD is present, is not necessarily an aggressive, pathological process. Our study also revealed the association of severe decline and/or certain drop with several potentially 'manageable' determinants such as HbA1c, DBP, ACE inhibition, other antihypertensive agents and antidiabetic drugs including insulin therapy. Some of them may rather be a description of the patients' severe multimorbid condition rather than the cause for a decline in renal function. Owing to its retrospective character, this study is able to formulate hypotheses, but unable to determine any causal relationship. Further prospective observational and experimental research is needed to clarify the nature of those associations. Contributors GG conceived and developed the study, made the analyses and wrote the manuscript. FB supervised the whole processing of conceiving, analysing and writing. GVP, CT and VVC helped to develop the study and double checked the statistical analyses. CVDB and EDC helped with the conception and development of the study, supervised the statistical analyses and wrote parts of the introduction and discussion section.
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